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Description 

BACKGROUND OF THE INVENTION 



containing compositions, such as oxyntndes, directly on a silicon sunace, ana is ruru, 

^^JZZZXt a latenTor horizontal, direction as wall as In the vertical direction. Oxide ancroachrnant 
L Z ^Zal mSL Jtearea tha is subsequently available for fabricating the integrated court, and 

surface of a silicon substrate. One ^^^JS^S approach is die- 

of oxygen, which hampers tneir effectiveness in resisting. „ » 
A variation of this technique Involves plasrna-ass,sted herrrd «J» ^ » 298e29 y Acoil 

the neighborhood of 300 angstroms or more. Asa result, mey ^^Z^T^A leads to da- 
ta direct contact with silicon because they can produce stress at the corners of the trench, wn.cn lea 

ncrc^^ 

wafer rteelf are heated Nltridefilm 

! Ser^S^^ 

90 "SL^nt J-Appl-Phys. 52(4). 3076 (1981). R. Hezel at al. "Piasma Si nrtrids - A promising dielectric to 
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achieve high-quality silicon MIS/JL solar cells" discloses a so-called tow temperature plasma-enhanced chem- 
ical vapor deposition of silicon nitride. Low temperature, In the context of this document, designate* a substrate 
temperature of 220° C. 

The present invention as it is defined by patent claim 1 distinguishes over the former document In that the 
6 electrodes have substantially different sizes and that the substrata is cooled such that a temperature of 200*C 
is not exceeded; preferably, the process Is carried out at room temperature. It has been found that under these 
conditions, the process is self-limiting, I.e. the silicon nfcride f flm thickness ultimately obtained wil not increase 
beyond a certain value upon continued treatment, said value depending upon the applied power. 

10 OBJECTS AND BRIEF STATEMENT OF THE INVENTION 

Accordingly, it is an object of the present Invention to provide a novel means for economically converting 
the surfaces of silicon and similar materials into nitride-like layers at relatively low temperatures, Le. at or near 
room temperature. In particular, It is an object of the invention to provide a novel method for forming silicon 
13 nitride layers, which method does not require an ton gun source and minimizes the energy of lone tefctont on 
metallic surfaces, to thereby keep the sputtering and subsequent redeposrtion of potential contaminants onto 
the wafer surface low. It is a further object of the Invention to provide a novel method of the foregoing type 
which provides effective control over the thickness of the nitride layer that is formed. 
It is a further object of the invention to provide novel applications for thin nitride films. 

20 In accordance with the present invention, these objects are achieved by carrying out a surface reaction 
on a substrate layer in a vacuum chamber that contains an electrode which Is capacmvely coupled to an rf 
generator. Asecond electrode within the chamber, or a metal wail of the chamber itself, is connected to ground. 
The silicon wafers to be treated are placed on one of the electrodes to be In electrical and physical contact 
therewith, and a reagent gas that contains nitrogen is introduced into the chamber. An rf voltage is then applied 

25 between the electrodes to create a plasma, causing ions thereof to be accelerated into the sflicon substrate. 
The nitrogen tons that are created as a result of the application of the rf power can be directed at the surface 
of a number of wafers simultaneously, thereby providing improved throughput over the prior art techniques. In 
addition, the growth process is self limiting, thereby providing effective control over the thickness of the silicon 
nitride layer, enabling films that are in the range of 50-100 angstroms thick to be consistently produced. 

30 The thin nitride films that are formed by such a method have a variety of useful applications. Because of 
their high degree of integrity and high nitrogen-to-oxygen ratio, they are well suited for preventing oxidation 
during device isolation. Furthermore, the controllability of the thickness of the films readily facilitates the fab- 
rication of capacitors having high unit capacitance. For greater reliability and to reduce leakage currents, the 
films can be annealed in an oxygen atmosphere when they are to be incorporated in capacitor structures. In 

35 addition, the electrical properties of such a film, coupled with Its immunity to impurity diffusion and radiation, 
contribute to its successful application as a gate dielectric for MOSFET devices. 

Further features of the invention are described in detail hereinafter with reference to preferred embodi- 
ments thereof illustrated in the accompanying drawings. 

*0 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic representation of a chamber of the type that can be used to implemsnt the process 
of the present invention; 

Figures 2 and 3 are cross-sect ionai views of a silicon wafer during steps of a LOCOS isolation process; 
4S Figure 4 is a cross-sectional view of a trench isolation structure; 

Figure 5 is a cross-sectional view of a trench capacitor structure; and 

Figure 6 is a cross-sectional view of a MOSFET device incorporating a thin nitride film In the gate dielectric 
DESCRIPTION OF PREFERRED EMBODIMENTS 

50 

The method of the present Invention for forming a thin film of nitride directly on the surface of a silicon 
substrate can be carried out in an apparatus of the type illustrated in Figure 1. For example, this apparatus 
could be a chamber of the type that is typically used for plasma etching. This apparatus basically comprises 
a sealed metal- wafled chamber 10 having a cathode 12 that is electrically insulated from the remainder of the 
& chamber walls, for example by means of a glass insulating ring 14. One wall of the chamber is provided with 
a loading port 16 to enable silicon wafers to be placed on the cathode 12 and removed therefrom. A vacuum 
source, such as a turbo-molecular pump 18, Is In communication with the chamber to thereby evacuate the 
same. In addition, the chamber is provided with a gas introduction tube 20 that is connected to a source 22 of 
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troduced into the chamber. capacitor 28. and the metallic walls 

The cathode 12 is coupled to an [^*" e ™^^ ^ anoo^^e c^odeMd the anode thus form a pair of 
of the chamber 10are connected Moi ^^^^^catrKxie at an rf frequency, and the 
spaced plate electrodes. The generator 26 ^^"^^ "T. ^ rf the anode * much greater 
Wine capacitor 28 mainteina a d.c. bias _on ^ e ^ ^^^Z>^a^^ 
than that of the cathode, so that a relatively high self bias. In the range of 300 to nuu vons. is 

in order to minimize heating of the s.l.con wafe« ^^"J^^^Ilr distribution system 30. To 
heating, toe cathode can be coded by any ^ T^E^^S 14 that support, ths -ec 
inhibH the sputtering of oxyge.vconta.mng matenals tan ^ 2ali to made* a sultabie 

trode. a dark space shield 32 can be provided around the etecttode. ™ssh«ld can oe mao 
conductive material such as aluminum or stainless steeUnJ rf ^ nttroge n<*n- 

A capacitively coupled rf system such as that Illustrated m Figure 1 \m> capaoie « ^comml 
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hydrogen, or another inert gas. Alternatively, the chamber can be evacuated to achieve the same effect 

Furwermore, me process is notllmlted to the formation of thin nitride films on planar surfaces. Of particular 
interest in this context is the formation of the film within trenches. It has been found that high ouaiiy thin films 
can be formed along the side and bottom walls of trench structures in a silicon substrate. Thus, the nitride 
5 film can be used as an integral part of the insulating material that fills the trenches for dielectric device isolation. 
Referring to Figure 4, a trench 42 is cut into the surface of a silicon wafer to define a boundary between 
active areas. If desired, the trench could completely surround an active area. The side and bottom walls of the 
trench are Ikied with a thin Iayer44 of nitride. Preferably, this layer is only 50-70 angstroms thick. The remainder 
of the trench is then filled with a suitable material 46, such as silicon dioxide or undoped polysilicon. The nitride 
io liner 44 on the walls of the trench acts as a suitable barrier to the diffusion of the material Into the silicon sub- 
strate. 

Advantage can also be taken of the relatively high dielectric permittivity of the film formed according to 
the above-described process. In particular, silicon nitride has a higher dielectric constant than silicon dtodde. 
Furthermore, as the thickness of the film to reduced Its capacitance Increases, so that the relatively thin films 

15 that can be obtained with the present invention offer high unit capacitance. To further increase the capaciuve 
applications of nitride films formed according to the process of the Invention, they can be annealed in an ox- 
idizing atmosphere to reduce their leakage current 

For example, when used in a dynamic random access memory (DRAM), an integrated capacitor should 
have high unit capacitance, e.g., at least 5 fF/micron 2 , so as to be capable of storing a sufficiently large charge 

20 packet that provides immunity to noise. In addition, the capacitor should exhibit low leakage current e.g. no 
greater than KHA/cm* at 2.5 V, so as to afford a refresh cycle time of sufficient duration. The following table 
illustrates how the properties of a capacitor formed according to the present invention can be improved by an- 
nealing It In an oxygen atmosphere. The examples given in the table are with respect to a nitride film formed 
on a silicon wafer exposed to a plasma created from Hz gas using an anode rcathod e ratio of about 20, powered 

25 by a 13.56 MHz rf generator at a power densfty of 0.4 W/cm 2 for five minutes, in accordance with the above- 
described process. The oxygen anneal to carried out at 1000°C. 



_^ nncal . Capacitance Leakage Current at 2.5 V 

so Tine (mm) (fF/rnicron z l (K/cm 2 ) 

0 • >1 0 - 5 

30 8.6 6 x 10-$ 

*° 7.7 1.2 x 10~ 7 



* Hot capable of precise measurement due to high 
leakage current. 

40 

As can be seen, the unit capacitance of the film undergoes a slight decrease when annealed, most likely 
due to its increased thickness and oxygen content as it undergoes oxidation. However, even with an anneal 
for 90 minutes, the unit capacitance still remains well above the minimum noted previously for DRAM applica- 
tions, whereas the leakage current is reduced by two orders of magnitude over a film which has not been an- 
4$ n ealed. 

The annealing temperature and time can be shortened, for example by utilizing steam at 900°C for 10-15 
minutes. As another alternative, It is possible to employ a rapid thermal anneal (RTA) In which high tempera- 
tures are applied to the wafer for very short periods of time, e.g., tans of seconds. It is believed that results 
which are equivalent to or better than those depicted above can be obtained with these alternative annealing 
50 processes. 

Due to the ability of the Inventive process to produce high-quality nitride films within trenches, it becomes 
possible to fabricate trench capacitor structures. Such a structure Is illustrated in Figure 5. The capacitor ba- 
sically comprises a thin nitride film 46 formed along the upper surface and within a trench formed in an ap- 
propriately doped layer 50 of silicon or poiyaillcon. The layer 50 functions as one electrode of the capacitor, 
55 a nd a second electrode 52 is formed by depositing a metal or doped potysilicon over the nitride layer 46. If the 
trench has a width W and a depth D, its capacitance would be (1 + 4DA/V) times greater than that of a capacitor 
formed on top of layer 50 and occupying the same amount of surface area. 

Another particularly useful application for nitride films formed according to the process of the present in- 
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vention is as a gate dielectric for MOSFET devices. In the past, attempts at constructing a MOSFET using a 
thin oxide film in the gate region and a doped poiysilicon for the gate conductor have met with several limita- 
tions One of these limitations has been with respect to the impurity that Is used to dope the polys«l icon. Boron 
would be a desirable dopant for the poiysilicon layerto produce an enhancement type MOSFET. However, the 
6 diffusion coefficient for boron is enhanced in the presence of hydrogen during the deposition of poiysilicon. 
Consequently. It tends to break through the oxide layer and dope the underlying channel region. Phosphorous 
dopant would be another possibility but it suffers from the fact that it would create a depletion type of n-channel 
MOSFET 

However, by using a nitride film as the gate dielectric, the tendency of boron to diffuse into the channel 
10 region is resisted. Furthermore, even though the Interface state density of the nitride film b higher than that 
of silicon dioxide layers, the nitride's contribution to the threshold voltage of the device Is minimal, due to Its 
small thickness and high perrnittMty.TherefaM^ 

er reliability and integrity using a combination of the above-mentioned features. 

Such a device is Illustrated in Figure 6. The device comprises a channel region 54 of silicon that is doped 

is to one conductivity, e.g. n-type. Source and drain regions 56 of opposite conductivity are located on opposite 
sides of the channel region. Athin film of silicon nitride 58 is grown over the channel region to provide the gate 
dielectric. A silicon dioxide layer 60 covers the remaining portion of the surface of the substrate, and suitable 
contact holes 62 are provided for the source and drain electrodes. Athin layer of silicon dioxide 64 can also 
be disposed over the nitride film. In fact, the Interface between the nitride layer 58 and the silicon dioxide layer 

20 64 may not be well-defined . but rather comprise a Wend from primarily nitride to primarily oxide over a distance 
of 5-20 angstroms. A poiysilicon layer 66 that is doped with boron is deposited over the thin gate dielectric 
films 58 and 64 to form the gate electrode. 

In summary, the nitride films that are produced according to the process of the present invention have at 
least two significant areas of application, as barriers for isolation and during oxidation, and as elements of elec- 

25 tried devices such as capacitors and MOSFETS. In the former area of application, It is desirable that the film 
have a high purity. Le.. [N]/[N+0] is high. Accordingly, the process should be carried out at relatively high power 
density levels, e.g., 1.6-3.2 W/cm*. and at relatively low pressures. For electrical applications, where the film 
is preferably annealed in oxygen. KspurrtyisnQtsorrwchafactorasifc^ 

the process can be carried out with lower power densities, for example In the range of 0.4-2.0 W/cm 2 . Further 
30 in this regard, f ilms made with Na as the source appear to be best suited for use as gate dielectrics, whereas 
those made with NH 3 are preferred for use In capacitors since they exhibit higher unit capacitance for a given 
leakage current 



35 Claims 

1. A method of preparing a thin film of silicon nitride or other nitrogen-containing composition on a silicon 
substrate, in a caoacitivelv coupled plasma deposition chamber with parallel electrodes comprising the 
steps of: 

40 placing one surface of silicon substrate in contact with a first of a pair of plate electrodes, said first 

electrode being spaced away and opposite from a second plate electrode of said par of electrodes which 
faces the opposite surface of said substrate and has an area greater than said first of said pair of elec- 
trodes; 

evacuating a chamber in which said electrodes and the substrate are located; 
45 introducing a nitrogen-containing reagent gas free of silicon compounds into the space between 

said pair of electrodes; and 

applying an a.c. voltage having a frequency of about 10 KHz or greater between said electrodes 
to thereby ionize and activate the reagent gas and accelerate ions thereof into the substrate while cooling 
said first of said pair of electrodes to inhibit heating of said substrate wherein the temperature of said sub- 
50 strata is less than 200»C. 

2. The method of claim 1 wherein said reagent gas comprises one of pure nitrogen, ammonia and a nitrogen- 
hydrogen mixture. 

55 3. The method of claim 1 further including the step of annealing the thin film of nitride formed on said sub- 
strate. 

4. The method of claim 3 wherein said annealing step is carried out in the presence of a non-oxidizing gas. 
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5. The method of claim 1 wherein the area of the other electrode of said pair of electrodes is at least twice 
as great as the area of said one electrode. 

6. The method of one of the preceding claims for isolating active regions from one another in an integrated 
circuit, comprising the steps of: 

removing selected portions of said film so that the remaining portions of the film correspond to 
areas in which active devices are to be formed in the wafer and 

oxidizing the areas on said surface of the wafer that are not covered by the remaining portions of 
the nitride film. 

7. The method of claim 6 wherein sa id ax. voltage signal has a power density in the range of about 1.6 to 
about 3.2 W/cm 2 of the substrate. 

8. The method of claim 6 wherein said nitride film has a thickness no greater than 20 nm (200 angstroms). 

9. The method of claim 8 wherein said film has a thickness in the range of about 5 to about 10 nm (50 to 
about 100 angstroms). 

10. The method of claim 6 wherein the ratio of nitrogen to nitrogen-plus-oxygen in said film Is at least 90%. 

11. The method of claim 6 wherein the pressure of said plasma is about 10* Torr. 

1 2. The method of claim 6 wherein said opposite surface of the substrate has a trench in it, and said nitride 
film remains in the trench after said selective removing step. 

13. The method of one of claims 1 to 5 for dielectrically isolating active regions from one another in an Inte- 
grated circuit, comprising the steps of. 

forming a trench in the exposed surface of said substrate to define a boundary of at least one area 
In which an active device is to be located; and after said nitride film is formed on said surface of the sub- 
strate and along the walls of said trench: 

filling the remainder of said trench with an insulating material. 

14. The method of claim 1 3 wherein said film has a thickness of about 5 to about 7 nm (50 to about 70 ang- 
stroms). 

15. The method of claim 13 wherein said a.c, voltage signal has a power density in the range of about 1.6 to 
about 3.2 W/cm 2 on the substrate. 

1 6. The method of claim 1 3 wherein the ratio of nitrogen to nftrogen-pius-oxygen in said f llm Is at least 90%. 

17. The method of claims 1, 2, and 3 wherein said a.c. voltage signal has a power density of about 0.4 to 
about 2.0 W/cm 2 of the substrate. 

18. The method of claim 17 further including the step of depositing an electrode on the surface of said nitride 
film that Is opposite the silicon to thereby form a capacitor. 

19. The method of claim 1 8 wherein said nitride film comprises the gate dielectric for a MOSFET, and further 
including the step of depositing a doped polysilicon on said film to form the gate electrode of the MOSFET. 

20. The method of claim 1 9 wherein said pofysilicori is doped with boron. 

21. The method of claim 1 9 further including the step of forming a thin layer of oxide between said nitride 
film and said polysilicon gate electrode. 

22. The method of claim 3 wherein said annealing is canned out in the presence of oxygen. 
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Patents nsprGche *» 

1. Ein Verfahran zum Bilden elner diinnen Schlcht von SllWunnftrid ^^J^^!*^. 
tenden Zusammenaetzung auf einen Silidumsubstrat In elner kapazlt.v gekoppelten Plaemaauftrag 
kammer mit oarallelen Elektreden, umfassend die SchrittB: 

^.^InerOberfla^^^ 
tenelektroden. welche erste Elektrode von einer zweiten Plattenelekt^e ™ £ 

abstandet 1st und dleser gegenOberliegt. welche der entgegengesetzten ^a^"^*™' 2U " 
gewandt 1st und elne Flfiche aufweiat. die grofter 1st els die ^ ESST^ 

Evakuieren elner Kammer. In der rich die Bektroden und das ^^V^ „, 
Einapeisen elnes Stlckkatoff enthaltenden Reagenzgaaea. daa fre. von SfliaumverWndungen let. 

in den Raum zwischen dem Paar von Elektroden.; und ,_ (W *w,»ta e h.nden 

Anlegen einer Wechselspannung mit einer Frequenz von etwa 10K *^»8r»«^^nden 
Elektrode* urn dadurch das Reagenzgaa zu toniaieren und akuveren ^J™"**™"** 
strat zu beschleunigen. wfihrend die erste dee Paares von Elektroden gekflhlt £««* ufh,lMn 
des Substrats zu unterbinden, wobel die Tempetatur des Substrats bei weniger els 200-C liegt 

2. Das Verfehren nach Anspruch 1, bei dem das Reagenzgaa elnes von reinem Stiekatoff, Ammonium und 
einem Stickstoff-Wasserstoff-Gemisch umfaftt 

3. Das Verfahien nach Anspruch 1. ferner utnfassend den Schrttt des Anlassena der dOnnen Schlcht eua 
Nitrid. die auf dem Sutetrat gebildet worten iet 

4. Das Verfahran nach Anspruch 3, bei dem der Anlaftschritt In Gegenwert elnes nichtoxidierenden Gases 
ausgefOhrtwH. 

5. Das Verfahren nach Anspruch 1 . bei dem die Flfiche der anderen Elektrode des Paarea von Elektroden 
mindestens zweimal ao graft iet wie die Flfiche der einen Elektrode. 

6 Das Verfahren nach einem der vorangehenden AnspriJche fur das ledieren von aktiven Bereichen von 
elnander In einem Integrierten Schaltkreis. umfassend die Schritte: 

Abtragen eusgewfihler Abschnitte der Schlcht so. daft die verble.benden Abschnltto der Schicht 
den Flfichen entsprechen. in welchen aktive Komponenten In dem Wafer zu Wldsn sin* 

Oxidieren der Bemiche auf der Oberflache des Wafers, die mcht von den verble*enden Abschnit- 
ten der Nltridschlcht ebgedeckt sind. 

7. Das Verfahren nach Anspruch 6. bei dem das Wechselspannungsslgnal elne Lelstungsdlchte im Bereich 
von etwa 1.6 bis etwe 3.2 W/cm* des Substrats hat 

$. Das Verfahren nach Anspruch 6. bei dem die Nitridschicht eine Dicke von nicht mehr ala 20 nm (200 A) 
hat 

«. Das Verfahren nach Anspruch 8. bei dem die Schlcht eine Dicke im Bereich von etwa 5 bie etwa 10 nm 
(50 - etwa 100 A) hat 

10. Das Verfahren nach Anspruch 6. bei dem das VerhSltnis von Stiekatoff zu Stickatoff-plue.Sauerstoff in 
der Schicht mindestens 90% betrfigt 

11. Das Verfahren nach Anspruch 6. bei dem der Druck des Plasmas etwa 10-» Torr betrSgt 

12. Das Verfahren nach Anspruch 6, bei dem die g^enflt^liegende Oberflfiche d* Substrata einen Oraben 
aufweiat und die Nitridschicht in dem Graben nach dem eelektiven Abtragschntt verbleiot 

13. DaaVerfahrennacheinemderAnsprOchel bia 5 fur die dieleWnsche Isolation aldiver Bereiche vonem^ 
ander in einem integrierten Schaltkreis, umfassend die Schritte: 

Bilden elnes Grabens in der exponierten OberflSche des Substrata zum Def.meren e.ner Granze 
mindestens elnes Bereichs. In welchem elne aktive Komponente zu positionieren ist ""^^^"J 116 
Nitridschicht auf der Oberf Ifiche des Substrats und Ifings der Wandungen des Grabens gebildet worden 
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ist 

Fullen des Restes des Grabens mlt einem bof ierenden Material. * 

14. Das Verfahren nach Anspruch 13, be! dem die Schicht eine Dicke von etwa 5 bis etwa 7 nm (50 bte etwa 
70 A) hat 

15. Das Verfahren nach Anspruch 13, bei dem das WechaelspannungssignaJ eine Leistungs<fichte im Bereich 
von etwa 1,6 bis etwa 3,2 W/cm 2 auf dem Substrat hat 

1 6. Das Verfahren nach Anspruch 13, bei dem das VerhaJtnis von Sticlcstoff zu Stickstoff-piue-Sauerstoff in 
der Schicht mindestens 90% betrflgt 

17. Das Verfahren nach Anspruchen 1 , 2 und 3, bei dem das Wechselspannungssignal eine Leistungsdichte 
von etwa 0,4 bis etwa 2.0 W/cm 2 des Sustrats hat 

18. Das Verfahren nach Anspruch 17, ferner umfassend den Schritt des Aufbringens einer Bekrode auf der 
Oberf Ifiche der Nitridschicht. die dem SiiicJum abgekehrt 1st urn dadurch einen Kondensatorzu Mden. 

19. Das Verfahren nach Anspruch 18, bei dem die Nitridschicht das Gate-Dielektrikum fOr einen MOSFET 
umfaat und ferner umfassend den Schritt dee Aufbringens eines dotierten Polysiliciums auf die Schicht 
zur Bildung der Gate-Elektrode des MOSFET. 

20. Das Verfahren nach Anspruch 19, bei dem das Potysilicium mit Bor dotiert ist 

21. Das Verfahren nach Anspruch 19, ferner umfassend den Schritt der Bildung einer dOnnen Schicht aus 
Oxid zwischen der Nitridschicht und der PdysilicwnvGate-Elektrode. 

22. Das Verfahren nach Anspruch 3, bei dem das Anlaseen in Gegenwart von Sauerstoff ausgef Ohrt wW. 



Revendlcatlons 

1. Precede pour la preparation d*un film mince de nitrure de silicium ou d'une autre composition contenant 
de I'azote sur un substrat en silicium, dans une chambre de depot par plasma a electrodes paralleJes cou- 
plee de fecon capacttive comprenant les etapes consistent a : 

disposer une surface du substrat en silicium en contact avec une premiere electrode d'une pare 
d'electrodes en plaque, iadite premiere electrode etant espacee et en regard d'une deuxieme electrode 
en plaque de Iadite paire d'electrodes qui est en regard de la surface oppose© dudit substrat et a une 
surface superieure a Iadite premiere electrode de Iadite pare d'electrodes; 

creer un vide dans une chambre dans laqueUe lesdites electrodes et le substrat sont disposes; 

introduire un gaz reactif contenant de r azote et ne comprenant pas de composes de silicium dans 
respace situe entre Iadite pare d'electrodes; et 

appliquer une tension alternative ayant une frequence d 'environ 1 0 KHz ou plus entre lesdites elec- 
trodes pour ainsi ioniser et activer le gaz reactif et acceJerer ses ions dans le substrat tout en refroidissant 
Iadite premiere electrode de Iadite paire d'electrodes pour empecher le chauffage dudit substrat, la tem- 
perature dudit substrat etant inferieure a 200°C. 

2. Procede selon la revend ication 1 dans lequel ledit gaz reactif comprend de I'azote pur, de rarrmoniac ou 
un melange d'azote et d'hydrogene. 

3. — Procede selon la revendlcatlon Vcomprenant en-outre I'etape de recuire le film mince de nitrure forme 

sur ledit substrat 

4. Procede selon la revendication 3 dans lequel Iadite etape de recuit est realisee en presence d'un gaz non- 
ox y dan t 

5. Procede selon la revendication 1 dans lequel la surface de I'autre electrode de Iadite paire d'electrodes 
est au moins deux fois plus grands que la surface de iadite premiere electrode. 



EP0201 380 81 

i Precede selon Puna des revendications precedent* pour iaoier des regions actives les unes des eutres 

dent a J dans ^ueUes de, deposit.* actif. ^^J^^Xt^ 

oxyder las surfaces sur ladite surface da la plaquetta qui ne sent pas couvartes par las paruaa 

restantes du film de nitrure. 
7 Precede seion la revendication 6 dans toquel le signal de tension aternativs a una den** de pounce 
" comprise dans la gamma d'emrfron 1,6 a 22 W/cm* du substrat 

». P^deselonlarav.nd^tion6der«.equ^^ 
(200 angstroms). 

9. PrccedeselonlaraveruJIcat^ 

5 a environ 10 nm (50 a environ 100 angstroms). 

10. Precede sa!on la revendication 6 dans lequel le rapport antra r«zote at r«zote plus roxygin. den. Mt 
film estd'au moins 90%. 

11. Precede selon le revendication 6 dans leque. la presston dudit plasma estd'environ 10*Torr. 

12. Proc«e.elonlerovendicetion6d^ 

7E5S 2 nitrure rests dens la tranche, epres todlte etape d'ellmlnatton selects 

13. Precede selon rune des revendications 1 a 5 pour teoter de fagon dl«ec*rique des regions ectlves lee 
unes des autres dens un crcuit integre. comprenant les stapes consistent a . 

^ru^e tranche* dens Is surface exposes dudlt substrat pour ™" k ™^**™^*" t 
zene SUEZ* «n dispositif ectif dolt etre di*ose; et ep*s que le M. de nOrur. e ete forme eur 
ladite surface du substrat et le long des parols de ladtte tranches . : 
remp.fr le reste de ladite tranche evec un matenau isolant 

14. Precede selon le revendication 13 dans lequel (edit film a una epaisseur d'environ 5 e environ 7 nm (50 
a environ 70 angstroms). 

1 5. Precede selon le revendication 13 dens leque. .edit signal de tension eltornathro a une denslte de puis- 
Sce^mprise dsns la gamme d'environ 1.6 s environ 3.2 W,cm> sur le substrat 

1 8. Precede selon la revendfcation 13 den. lequel I. rapport tfezote e .'ezote plus .'oxygen, den. .edit film 
est d'au moins de 90%. 

17 Precede seJon .es revsndicattons 1. 2 et 3 dans lequel led* signal de tension enerneeve e un. dene»e 
' de puissance d'environ 0.4 a environ 2.0 W/cm* du substrat 

former l'0ectrode de grille du MOSFET. 
2a -Precede selon la revendteation 19 danstequel Isdlt pdysilldum est dep. avec du bore. 

21. Precede selon le revendicatton 19 comprenant en outre r«ape consist a former une couche mince 
ffoxyds entre leditfibn de nitrure et ladite «ectrode de grille en polys,l.aum. 

22. Precede selon le revendication 3 dans leque. le recx.it est realise en presence d'oxygene. 
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